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Abstract  
Empirical research on eco-innovation has produced a substantive body of literature on 
the relevance of regulation for stimulating such innovation. Much of this work on the role 
of policy for eco-innovation relies on econometric analyses of company survey data. In 
this regard, the eco-innovation module introduced in 2008/9 in the Community Innovation 
Survey serves as an important data source that has helped improve our understanding 
of the role of environmental and innovation policy for eco-innovation in the European 
Union (EU). However, so far, this data source has provided only limited opportunities to 
generate insights into the role of instrument design and instrument interaction for eco-
innovation. In this chapter, we present a first attempt to measure such aspects in a com-
pany innovation survey based on the example of renewable energy innovation in Ger-
many. In particular, we explore to what extent the design of the German Renewable 
Energy Sources Act (and the interaction of its feed-in tariffs with the EU emissions trading 
system) correlates with innovation in renewable power generation technologies. We find 
instrument design features but not instrument type to be related to eco-innovation. In 
addition, our exploratory study provides evidence for an interaction effect between cli-
mate policy and renewables support policy. Based on these findings, we discuss impli-
cations for future research on the role of policy in eco-innovation. 
 
Keywords: Eco-innovation, instrument design features, instrument interaction, renewa-
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1 Introduction 
Addressing the various environmental sustainability challenges associated with issues 
such as climate change, biodiversity loss, or resource constraints requires the redirection 
and acceleration of innovation towards sustainable solutions.1 The prevalence of various 
market, structural and transformational system failures that hinder eco-innovation and 
wider sustainability transitions (Weber and Rohracher, 2012) has led to an emerging 
literature acknowledging the need for policy intervention in the form of policy mixes 
(OECD, 2015; Rogge and Reichardt, 2016). Large discrepancies remain, however, be-
tween this acknowledgement and the mainstreaming of such thinking into innovation pol-
icy and research (OECD/IEA/NEA/ITF, 2015; Rogge et al., 2017). 
For such an endeavor, much can be learned from the literature on eco-innovation, which 
has long recognized the important role of policy in spurring such innovation (Rennings, 
2000; Jaffe et al., 2002; OECD, 2011). Building on the notion of “double externalities”, 
past empirical research has provided important insights into the measurement and de-
terminants of eco-innovation (del Río, 2009; OECD, 2009; Kemp and Pontoglio, 2011; 
Bergek and Berggren, 2014). One of the key policy insights of this literature is that eco-
innovation depends more on the design than on the type of a policy instrument  (Kemp, 
1997; Vollebergh, 2007), with environmental stringency standing out as a particularly 
relevant design feature (Frondel et al., 2008; Ghisetti and Pontoni, 2015).  
Important insights have been gained into the role of instrument mixes for eco-innovation. 
Most prominently, studies conclude that combining demand-pull and technology-push 
instruments (Peters et al., 2012; Costantini et al., 2015, Schleich et al., 2017) is condu-
cive to eco-innovation. In addition, research has stressed the importance of employing 
systemic instruments (Taylor, 2008; Wieczorek and Hekkert, 2012). However, most of 
the literature exploring instrument interactions and the role of design features for such 
interactions assumes an ex-ante perspective (Spyridaki and Flamos, 2014; del Río and 
Cerdá, 2017). Only a few studies to date have employed an ex-post perspective (Guer-
zoni and Raiteri, 2015; Cantner et al., 2016). 
A recent review of econometric survey-based analyses shows that regulation is one of 
the few generally statistically significant determinants of eco-innovation (del Río et al., 
                                               
1  This chapter draws in parts on earlier work published by the authors as Rogge and Schleich 
(2018) (and the corresponding working paper Rogge and Schleich, 2017), but the focus of 
our analysis here differs: Whereas this earlier work examines the impact of policy mix char-
acteristics on green innovation, here we focus on the relevance of instrument design and 
instrument interaction. 
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2016). Because of data limitations, however, econometric models typically capture the 
effect of a particular policy instrument by including a dummy variable (del Río et al., 
2016). In contrast, some specialized eco-innovation surveys have provided more in-
depth insights into the link between policy and eco-innovation by including environmental 
policy stringency as a policy variable, for instance (Johnstone, 2007; Kammerer, 2009). 
Others have considered climate, energy and innovation policy instruments simultane-
ously (Schmidt et al., 2012), but have not allowed for their interaction.  
Despite recent progress in gathering more detailed policy data alongside other innova-
tion measures, to the best of our knowledge, survey-based analyses have not yet simul-
taneously looked at instruments, their design and their interaction. Especially large-scale 
innovation surveys, such as the Community Innovation Survey (CIS) conducted within 
the European Union, tend to cover policy to a limited extent, and often have a narrow 
focus on public support for research and development (R&D), appropriation methods, or 
obstacles to innovation. Similarly, the Oslo Manual, which provides guidelines for inno-
vation surveys, puts little emphasis on the measurement of policy instruments, their de-
sign and interaction as a determinant of innovation, despite stressing the important role 
of innovation survey data for guiding policy (OECD, 2005). 
A notable exception to this apparent neglect of policy in mainstream innovation surveys 
is the question block on eco-innovation, which was introduced as a supplement to the 
2008 CIS wave, following suggestions made by the ‘Measuring Eco-Innovation’ (MEI) 
project (Kemp and Pearson, 2007). Since then, these large-scale surveys have collected 
and analyzed information on eco-innovation and its drivers that explicitly includes (envi-
ronmental) policy for the participating countries such as Germany, Spain, Italy and 
France. Using the CIS survey as a key data source allowed a better understanding of 
the factors related to eco-innovation in general, and the role of policy in particular (Ren-
nings and Rammer, 2011; Horbach et al., 2013; Borghesi et al., 2015). However, these 
studies have not focused on the role of instrument design and instrument interaction for 
eco-innovation.  
In this paper, we take a first step towards addressing this current shortcoming based on 
the example of the decarbonization of the energy system, in which renewable energies 
play a key role (Jacobsson and Bergek, 2004; Gallagher et al., 2012). Given that inno-
vation in the energy sector is dominated by suppliers, we focus on the manufacturers of 
renewable power generation technologies (Pavitt, 1984; Rogge and Hoffmann, 2010). 
We limit the scope of our explorative study to the German Energiewende because of its 
pioneering role in renewable energy policy and innovation (Bruns et al., 2011; Pegels 
and Lütkenhorst, 2014; Strunz, 2014; Quitzow et al., 2016).  
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Building on a recent study examining the impact of policy mix characteristics on innova-
tion (Rogge and Schleich, 2018), this chapter aims to empirically explore the role of pol-
icy instrument design (e.g. regarding the level of support) and instrument interactions 
using data from a survey among manufacturers of renewable energy technologies. In 
particular, we are interested in answering the question of whether innovation in these 
technologies is related to respondents’ perceptions about the EU emissions trading sys-
tem (EU ETS), the (design of the) German Renewable Energy Sources Act (EEG) and 
the interaction between them. We have chosen the EU ETS and the EEG as the two 
core demand-pull instruments for our analysis. This is in line with the wider literature on 
instrument interaction, which has largely focused on interactions between climate poli-
cies and renewable energy policies (IEA, 2011; Gawel et al., 2014; Spyridaki and 
Flamos, 2014). Our empirical analysis relies on data collected using a redesigned CIS 
questionnaire, which explicitly captures the current policy mix and innovation in renewa-
ble power generation technologies. The resulting unique dataset collected in 2014 allows 
us to econometrically analyze the links between the instrument mix and eco-innovation.  
The remainder of the chapter is structured as follows. In Section 2, we develop our ana-
lytical framework from the literature. Section 3 presents the research case of the German 
Energiewende, and Section 4 introduces our methodological approach. In Section 5, we 
present our results, and discuss these in Section 6 and offer concluding remarks. 
 
2 Analytical framework 
In line with the eco-innovation literature, our interdisciplinary analytical framework as 
presented in Figure 1 differentiates between firm-external and firm-internal determinants 
of eco-innovation (del Río, 2009). This framework draws on environmental economics, 
innovation studies and policy analysis and builds on earlier work by the authors (Rogge 
and Schleich, 2018). However, here we introduce a new focus on multiple instruments 
and their interactions, thereby contributing to policy mix studies focusing on instrument 
interactions (del Río, 2006; Spyridaki and Flamos, 2014). 
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Figure 1: Analytical framework for exploring the determinants of eco-innovation 
 
Source: Adapted from Rogge and Schleich (2018) 
We include both technology-push and demand-pull factors as classical firm-external de-
terminants of innovation (Mowery and Rosenberg, 1979; Di Stefano et al., 2012). In ad-
dition, we focus on the influence of multiple instruments and their interaction, thereby 
following calls for a greater focus on instrument mixes (Cunningham et al., 2013). In 
doing so, we pay particular attention to instrument design features such as the level of 
support or its predictability (Hoffmann et al., 2008; Reichardt and Rogge, 2016). It has 
been suggested that such instrument design features play a key role in driving eco-inno-
vation and in determining instrument interactions (del Río et al., 2016; del Río and Cerdá, 
2017).  
We focus on the role of firm size, a firm's technology portfolio, and its experience with 
green technologies as the firm-internal determinants of eco-innovation. In the following, 
we elaborate on these potential firm-external and firm-internal determinants of eco-inno-
vation, and focus in particular on the role played by the instrument mix. 
2.1 Firm-external determinants of eco-innovation 
Our analytical framework includes technology-push and demand-pull factors as firm-ex-
ternal determinants of eco-innovation (Mowery and Rosenberg, 1979; Di Stefano et al., 
2012). In view of the strong relevance of policy for eco-innovation, we focus on policy-
driven technology push and demand pull (Horbach, 2008). Over the past decade, strong 
evidence has been accumulated that both aspects matter for eco-innovation (Schmidt et 
Firm-internal factors
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(incl. design features)
§ Instrument interaction
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al., 2012; Veugelers, 2012; Costantini et al., 2015; Schleich et al., 2017). More specifi-
cally, recent evidence has highlighted that demand-pull effects result from a combination 
of demand at home and abroad, whereas technology-push effects seem to stem from 
public R&D support in the domestic market only (Peters et al., 2012; Dechezleprêtre and 
Glachant, 2014).  
While it is often possible to identify technology-push policies by looking at public R&D 
funding, it is more challenging to evaluate demand-pull policies (Edler et al., 2012). 
Therefore, it may be useful to focus on the core demand-pull instruments. In the case of 
low-carbon innovation, the core demand-pull instrument concerns carbon pricing, for ex-
ample in the form of an emissions trading systems (Borghesi et al., 2015). The innovation 
impact of the EU emissions trading system (EU ETS) has been studied extensively, with 
most findings indicating that it has had a  small but positive effect so far (Rogge, 2016). 
In contrast, studies focusing on innovation in renewable energies include renewables 
support as the core demand-pull instrument. Del Río and Peñasco (2014) systematically 
reviewed the empirical literature on national renewable energies support policies, and 
conclude that feed-in tariffs are the most appropriate promotion instrument to spur inno-
vation and early diffusion in renewable energy sources for electricity generation.  
Recent conceptual and empirical work suggests that the innovation effects of policy in-
struments are not just driven by the type of the instrument, but also and in particular by 
its design features (Kemp, 1997; Vollebergh, 2007). Perhaps most prominently among 
these, the relevance of policy stringency has been well established for eco-innovation 
(Kemp and Pontoglio, 2011; Ghisetti and Pontoni, 2015). However, other design features 
have also received attention, such as the level of support, the predictability of an instru-
ment, or its flexibility (Hoffmann et al., 2008; Hašcic et al., 2009; Reichardt and Rogge, 
2016). For renewable energies, a number of descriptive design features have been sug-
gested for potential consideration, such as the duration of support, decline of support 
levels over time, quantitative limits for installed capacities (e.g. in GW per year), or tech-
nology-specific and geographical differentiation (del Río, 2012; Hoppmann et al., 2013). 
In addition, with the introduction of the EU ETS, it has been increasingly argued that the 
interaction of instruments needs to be taken into consideration when evaluating the im-
pact of climate policy and energy policy (Sorrell and Sijm, 2003; del Río, 2006). Similarly, 
innovation studies have stressed the need to account for instrument interactions when 
evaluating innovation policy (Flanagan et al., 2011; Cunningham et al., 2013). So far, 
however, both lines of research have produced only a few empirical studies with ex-post 
assessments on the role of such instrument interaction for policy effectiveness (Guerzoni 
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and Raiteri, 2015; Cantner et al., 2016). Finally, it has been pointed out that when stud-
ying such interaction effects, the design of the interacting instruments should also be 
considered (del Río, 2010; del Río and Cerdá, 2017). This is consistent with earlier find-
ings on the relevance of design features as one of the determinants of eco-innovation. 
However, previous empirical ex-post evaluations exploring the role of instrument inter-
actions for eco-innovation have not yet accounted for design features.  
Therefore, we are particularly interested in whether instrument design and instrument 
interaction matter for low-carbon innovation. 
2.2 Firm-internal determinants of eco-innovation 
Regarding the firm-internal determinants of innovation, we draw on insights from evolu-
tionary economics and the resource-based view of the firm (Nelson and Winter, 1982; 
Wernerfelt, 1984; Barney, 2001). These suggest that a firm’s resources, capabilities and 
competencies matter for innovation, which is why we include three firm characteristics in 
our analytical framework (Teece et al., 1997; Helfat et al., 2007; del Río et al., 2015).  
The first concerns firm size, which has typically been found to affect eco-innovation pos-
itively, with larger firms spending more on innovation (Kesidou and Demirel, 2012; del 
Río et al., 2016).  
Second, we include a firm's experience with producing renewable energy technologies 
in order to capture its accumulated resources as well as its technological and organiza-
tional capabilities and competencies in using the respective green technology as deter-
minants of innovation (Kammerer, 2009; Horbach et al., 2012). While others have in-
cluded a firm’s age to capture this effect (del Río et al., 2016), we argue that experience 
may be the better proxy for this phenomenon for firms which are diversifying their port-
folio.  
Finally, our framework considers a firm’s technology portfolio to control for differences 
between renewable energy technologies and the relative importance of its green branch, 
as this may affect a firm's perceptions of and responses to policy stimuli (Schmidt et al., 
2012; Huenteler et al., 2016). 
 
3 Research case 
We chose to focus on innovation in renewable energy because decarbonizing the global 
energy system is expected to involve the massive deployment of renewable energies 
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(IRENA, 2013; IEA and IRENA, 2017). Specifically, we use the case of Germany as a 
pioneering country for renewables support through feed-in tariffs introduced by the Ger-
man Renewable Energy Sources Act (EEG) in 2000 and adapted over time in line with 
socio-technical and socio-political challenges (Grau, 2014; Hoppmann et al., 2014; Lau-
ber and Jacobsson, 2016). As such, the EEG serves as the core renewables instrument 
within a rich instrument mix which is expected to help Germany meet its national target 
for the share of renewables in the electricity mix of 40%–45% by 2025 and of at least 
80% by 2050. In addition, Germany has set itself ambitious short and long-term targets 
for the reduction of greenhouse gas emissions of 40% by 2020 and 80% by 2050 com-
pared to 1990 levels. The EU ETS is typically considered the core climate policy instru-
ment here within a rich instrument mix (Matthes, 2017). This instrument mix, among oth-
ers, also includes public support for R&D to facilitate the decarbonization of the energy 
system. The German government’s support here has climbed to above 800 million euros 
per year since 2014, with a good third of this dedicated to supporting renewable energies 
(BMWi and BMU, 2010; BMWi, 2015, 2016b).  
Several studies have analyzed the German Energiewende in general and core demand-
pull instruments in particular (Strunz, 2014; Quitzow et al., 2016). However, only a few 
have looked at instrument interaction and at the role played by instrument design (Leh-
mann, 2010; Gawel et al., 2014). To the best of our knowledge, no quantitative ex-post 
evaluation has explicitly addressed the role of instrument design for instrument interac-
tion regarding innovation in renewable energies. Given that innovation in the power sec-
tor has traditionally been dominated by suppliers, we focus on the innovation activities 
of manufacturers of renewable power generation technologies in Germany, because of 
its strong and export-oriented manufacturing base (Pavitt, 1984; Rogge and Hoffmann, 
2010). We rely on survey data as it allows us to capture firm-specific assessments of the 
instrument mix. 
Dedicated company surveys addressing the links between policy and low-carbon inno-
vation in the German energy sector are rare. Two relevant exceptions are the studies of 
Schmidt et al. (2012) and Doblinger et al. (2015), who surveyed, among others, German 
manufacturers of renewable power generation technologies in 2009 and 2012, respec-
tively. For non-emitting technologies, i.e. primarily for renewable energy technologies, 
Schmidt et al. (2012) find that the firms’ perceptions of long-term climate targets, tech-
nology policies and their expectations about the third phase of the EU ETS are related 
to their R&D decisions. Doblinger et al. (2015) conclude that stronger demand-pull poli-
cies reduce the realization of high-risk R&D projects in favor of smaller improvements; a 
finding that was reinforced by perceived higher levels of regulatory uncertainty. However, 
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neither study addresses instrument interactions or uses a conventional innovation survey 
questionnaire. 
The year 2013, i.e. the year before we conducted our survey, was characterized by con-
siderable regulatory uncertainty. Following the Fukushima accident in 2011 and the re-
sulting decision by the German government to phase out nuclear energy by 2022 
(Hermwille, 2016), and due to the decline in technology costs, particularly for PV modules 
(Hoppmann et al., 2014), the share of renewable energies in the German electricity mix 
grew strongly in 2012 (BMWi, 2015). The subsequent increases in the EEG surcharge 
led to high-level debates about a retrospective downward adjustment of the guaranteed 
feed-in tariffs (set for 20 years). Such a retrospective adjustment had previously been 
unthinkable (Bröcker, 2013). Although, ultimately, no such adjustment was made, its very 
debate is likely to have tarnished the predictability and associated investment security of 
the EEG, the core demand-pull instrument. Moreover, in light of the federal elections, 
which took place in the fall of 2013, the next regular reform of the EEG was postponed 
until the formation of a new government coalition. This resulted in substantial uncertainty 
about the ambition of the Energiewende in general and the future of the EEG in particu-
lar. 
Eventually, the new coalition government subsumed all Energiewende-related activities 
under one roof at the new Federal Ministry of Economics and Energy (BMWi). In early 
2014, the BMWi published the first pillars for the revision of the EEG (BMWi, 2016a). 
However, the uncertainty about important design features of the new EEG 2.0 remained 
high until the Federal Cabinet adopted the amended Renewable Energy Sources Act on 
April 8, 2014.2 Planned design changes included, among others, the reduction of feed-
in tariffs and the introduction of auctions to determine support levels as an alternative to 
feed-in tariffs. Further design changes concerned the introduction of technology-specific 
binding expansion corridors as well as the step-wise expansion of direct marketing and 
the reduction of privileges for self-consumed power.  
Amidst these policy mix developments, the share of renewables in the electricity mix had 
reached 27.4% by the end of 2014, and Germany was on track to meet its 2025 target 
(BMWi, 2014). 
 
                                               
2  This uncertainty was fully resolved after approval was given by the Federal Parliament (Bun-
destag) on July 4, 2014. 
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4 Methodology 
Our empirical analysis relies on a novel dataset from a survey of German manufacturers 
of renewable power generation technologies. We briefly describe the data collection in 
section Error! Reference source not found., and refer to Rogge and Schleich (2018) 
for further details, especially on the construction of the company database and the im-
plementation of the survey. Section 4.2 then presents the econometric model and the 
variables used. 
4.1 Data  
Our data relies on computer-assisted telephone interviews (CATI), which were carried 
out by the research institute SOKO between April 9, 2014 and July 22, 2014 with 390 
CEOs or top-level managers responsible for company strategy, R&D or sales and with 
an overview of products, innovation and corporate policy.3 On average, these phone in-
terviews lasted for 30 minutes. All data were anonymized by SOKO for further pro-
cessing.  
To a large extent, our questionnaire draws on the Community Innovation Survey (CIS), 
an established tool for measuring corporate innovation activities in European Member 
States. Since the CIS includes only few items on policy, we added supplementary ques-
tions to the policy mix.4 Among others, we asked for the respondents’ perceptions re-
garding specific policy instruments including the EU ETS and the EEG. In particular, we 
also added questions relating to changes to key design features of the EEG as the core 
demand-pull instrument for renewable energy technologies. The specific questions on 
design features refer to the amended EEG of April 8, 2014 (see Table 1). 5 
  
                                               
3  The 390 participants correspond to a response rate of 35.7% of all German manufacturers 
of renewable power generation technologies.  
4  In case companies had more than one renewable power generation technology in their port-
folio, respondents were asked to answer questions concerning their main renewable power 
generation technology so as to be able to gather technology-specific information, in particular 
regarding the instrument mix and innovation expenditures. 
5  A more detailed account of the questionnaire is available in Rogge and Schleich (2018). 
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Table 1: Operationalization of variables for instrument design features of the EEG 
EEG design  
feature 
Statement  
[own translation from German into English] 
In early April, the Federal Cabinet adopted an 
Amendment to the Renewable Energy Sources Act. 
In your mind, to which extent did changes in the fol-
lowing elements negatively affect sales of your main 
renewable power generation technology in Ger-
many.* 
Variable 
name 
Feed-in tariffs The lowering of the feed-in tariffs. Lower_FIT 
Auctions The introduction of auctions to elicit support levels. Auction 
Binding expan-
sion corridor 
The introduction of technology-specific binding ex-
pansion corridors. 
Corridor 
Mandatory di-
rect marketing 
The stepwise introduction of mandatory direct mar-
keting.  
Market 
Self-consumed 
power 
The disadvantaging of self-consumed power. 
Self_cons 
* Response categories ranged from 1 (do not expect negative effects at all) to 6 (expect 
very negative effects); and “don’t know”. 
Our sample of 390 responses includes approximately 70% responses from small and 
medium-sized enterprises (SMEs). More than half concern solar PV (ca. 37%); other 
large shares relate to biogas (ca. 22%) and onshore wind power (ca. 17%). The large 
majority of these produce components for renewable power generation technologies (ca. 
71%), with the remainder either producing final products for generating power from re-
newable energy sources (ca. 24%) or the respective production plants (ca. 5%). In 2013, 
only 11.1% of the companies in our sample operated exclusively in the German market; 
on average, exports accounted for almost 40% of sales.  
The majority of respondents were fairly active with regard to innovation. More than 80% 
of companies had carried out innovation activities in the three years prior to the survey 
(2011–13). In addition, three out of four companies had introduced product innovations 
during this period and two-thirds had introduced process innovations for the selected 
renewable power generation technology. Between 2011 and 2013, about a quarter of 
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the respondents had received public R&D funding (from Germany or the EU) to pursue 
innovation activities in the main renewable power generation technology. 
4.2 Econometric model 
4.2.1 Dependent variable  
The econometric analysis follows Rogge and Schleich (2018) in that we use innovation 
expenditures as the dependent variable in our multivariate analysis. Specifically, we used 
survey information on actual or estimated innovation expenditures for each company’s 
main renewable power generation technology in 2014 and 2015.6 A substantial portion 
of the companies reported innovation expenditure of zero in one or both years, i.e. 25.6% 
for 2014 and 31.3% for 2015. We therefore employ the “corner solution” Tobit model to 
specify the regression equation for innovation expenditures in a particular year (y). Re-
lying on the “latent variable” approach, truncation (from below) is modeled as: 
(1)  
 
where  reflects the latent (i.e. desired) level of innovation expenditures of firm i in a 
given year. The vector of explanatory variables allows us to test our hypotheses and 
capture other factors related to firms’ innovation expenditures. Thus, positive values for 
innovation expenditures are observed if y* exceeds the threshold level of zero; otherwise 
companies report zero expenditures.  
Estimating innovation expenditures separately for 2014 and 2015 may lead to biased 
and inconsistent parameter estimations (Greene, 2012). We therefore estimate a bivari-
ate Tobit model, where the error terms capture possible correlations between innovation 
expenditures in 2014 and 2015. Simulated maximum likelihood methods as implemented 
in Stata 14 are used to estimate the model.  
                                               
6  Respondents were asked about their expenditures for innovation activities (including intra-
mural—in-house—and extramural R&D, acquisition of machinery, equipment and software, 
acquisition of other external knowledge, and other preparation). 
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4.2.2 Explanatory variables 
We include five groups of explanatory variables to capture the effects of: (i) technology 
push and demand pull (TP & DP), (ii) policy instruments, (iii) EEG design features, (iv) 
instrument interaction, and (v) control variables to reflect company- and technology-spe-
cific effects. Table 2 presents the descriptive statistics for the sample used in the econ-
ometric analysis. 
(i) Technology push and demand pull 
Regarding technology push, we use the amount of public R&D funding (in euros) each 
company had received between 2011 and 2013 from German or EU funding bodies for 
the main technology (TechPush). Most of the companies in our sample had identified 
Germany (n=360) and Europe (n=333) as their home market.  
Regarding demand pull, we relied on a dummy variable (DemandPull), which takes the 
value of one if the respondent expected the sum of domestic sales and exports of the 
main technology in 2014 to be higher than in 2013 and zero otherwise. This variable can 
be interpreted as a proxy for the effect of global demand-pull instruments because of the 
strong dependence of the market demand for renewable power generation technologies 
on such instruments (Peters et al., 2012; Hoppmann et al., 2013; Dechezleprêtre and 
Glachant, 2014). 
(ii) Policy instruments 
To specifically capture the effect of the core demand-pull instruments on innovation ac-
tivities in renewable power technologies, we consider companies’ perceptions towards 
the two core demand-pull instruments EU ETS and EEG.  
First, the survey asked participants to evaluate to which extent the EU ETS supports the 
development of renewable energies. Response categories ranged from 1 (does not sup-
port it at all) to 6 (supports very strongly). To construct SupportETS, we first calculate 
the median value of the responses. Then, SupportETS takes on the value of one if the 
response category was at least as high as the median value and zero otherwise.  
Second, the survey asked participants to evaluate to which extent the EEG supports the 
development of renewable energies. Response categories again ranged from 1 (does 
not support it at all) to 6 (supports very strongly). As before, to construct SupportEEG, 
we first calculate the median value of the responses. Then, SupportEEG takes on the 
value of one if the response category was at least as high as the median value and zero 
otherwise. 
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(iii) EEG design features 
The set of EEG design features include the five variables described in Table 1, i.e. 
Lower_FIT, Auction, Corridor, Market, and Self_cons. These variables are all con-
structed in the same way. We first calculate the median value of the responses to the 
statement presented in Table 2. The variable is then coded as one if the response cate-
gory was at least as high as the median value and zero otherwise.  
(iv) Instrument interaction 
To explore possible interaction effects between the EU ETS and the EEG, we focus on 
the reduced level of support as the key EEG design feature. We chose LowerFIT be-
cause this was the most important of the five EEG design features considered according 
to the descriptive statistics for the original items. Consequently, we constructed ETSxFIT 
by multiplying SupportETS and Lower_FIT.  
(v) Company- and technology-specific factors 
We include four variables to control for firm-internal effects. First, size captures the total 
sales of each firm in 2013 in domestic and foreign markets (i.e. for diversified firms, this 
includes business fields other than the main renewable energy technology). The second 
variable, experience, is calculated as the number of years each firm had been offering 
products for the main renewable power generation technology (using 2014 as the refer-
ence year). Finally, we capture each firm's technology portfolio with two explanatory var-
iables: wind takes the value of one if a firm’s responses referred to either onshore or 
offshore wind and zero otherwise7; RE_share measures the share of employees working 
in the main renewable power generation technology in 2013 relative to all employees.  
  
                                               
7 Including dummies for other renewable energy technologies yielded coefficients which were 
far from being statistically significant. We therefore only incorporate wind. 
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Table 2: Descriptive statistics of dependent and explanatory variables (N=160) 
Variables Unit Mean Standard deviation 
Mini-
mum 
Maxi-
mum 
Innovation expenditures 
2014* 
in 1,000 euros 2,115 95,600  0 75,000 
Innovation expenditures 
2015* 
in 1,000 euros 2,308 97,471 0 75,000 
TechPush in 1,000 euros 130.2 651.1 0 6,000 
DemandPull dummy 0.36 0.481 0 1 
SupportETS dummy 0.61 0.490 0 1 
SupportEEG dummy 0.72 0.451 0 1 
Lower_FIT dummy 0.575 0.496 0 1 
Auction dummy 0.669 0.472 0 1 
Corridor dummy 0.738 0.441 0 1 
Market dummy 0.519 0.501 0 1 
Self_cons dummy 0.606 0.490 0 1 
ETSxFIT dummy 0.338 0.474 0 1 
Size (sales)* in million euros 298.38 711.99 0.05 5,500 
Experience* In years 15.33 11.76 0 64 
Wind dummy 0.22 0.41 0 1 
RE_share in % 50.81 37.47 0.04 100 
*  The natural logarithm is used in the econometric estimation.8 
                                               
8  Since the logarithm of zero is not defined, using the logarithm meant losing one observation 
(where magnitudes were zero). No observation in our final sample had zero experience. 
When public R&D (TechPush) or innovation expenditures were zero, we assigned the value 
of zero to the undefined logarithm. Taking the logarithm did not lead to negative values for 
the dependent variables, because all positive innovation expenditures in 2014 and 2015 ex-
ceeded 1,000 Euros (Note that innovation expenditures are measured in units of 1000 eu-
ros).  
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5 Results 
Our econometric analysis involves estimating three alternative model specifications. The 
Base model includes the company- and technology-specific factors together with the 
technology-push and demand-pull variables. The Instruments & design model also in-
cludes the two core demand-pull instruments EU ETS and EEG and the EEG design 
features. The Interaction model differs from the Instruments & design model by the ad-
dition of the interaction variable ETSxFIT. Table 3 displays the estimation results and 
reports heteroskedasticity-robust p-values in parentheses below the parameter esti-
mates.  
We first note that all three models produce very similar results for the company- and 
technology-specific factors. We further note that, in all three models, the correlation be-
tween the two equations is high and positive and statistically significant, thus corroborat-
ing the use of the multivariate Tobit framework.9 Also, collinearity does not appear to be 
a problem.10 
5.1 Base model 
In general, the coefficients in the base model all exhibit the expected signs and are al-
most all statistically significant. They are also very similar to the respective findings in 
Rogge and Schleich (2018), although the samples differ slightly between the two studies 
because of differences in missing observations for the different sets of explanatory vari-
ables. To allow for better comparability across the models presented in this study, we 
limit all analyses to observations where participants responded to the items on the EEG 
design features.11 
                                               
9 For example, for the Base model  = 0.902. Based on a Likelihood-Ratio test, the Null 
Hypothesis (  = 0) can be rejected at p<0.01 (c2(1) = 216.801). Similar conclusions can be 
drawn for the Instruments & Design and the Interaction models. 
10  When considering all explanatory variables used in the Interaction model, the average vari-
ance inflation factor (VIF) is 1.74 and all VIFs of the individual variables are below 4.5, and 
thus well below 10, which is the critical threshold value commonly used in the literature. 
11  Our findings are virtually the same if we relax this condition.  
 
r
r
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More specifically, the findings confirm the positive relationship of European technology-
push and global demand-pull effects with innovation expenditures in 2014 and 2015. 
Calculating the marginal effect for TechPush in the R&D 2014 equation implies that, on 
average, a one percent increase in public subsidies for R&D received for a manufac-
turer’s main renewable power generation technology between 2011 and 2013 is associ-
ated with an increase in firm-level innovation expenditures by 0.147 percent in 2014 for 
firms with positive innovation expenditures in 2014.12 .  
For our firm characteristics, we find positive and significant correlations with innovation 
expenditures. As expected, our results show that larger firms (in terms of sales) are pos-
itively related to higher innovation expenditures in 2014 and 2015. For example, a one-
percent increase in sales is associated with an increase in innovation expenditures of 
about one percent in both years. More experienced firms (in terms of years of activity in 
the main renewable power generation technology) spend more on innovation, but the 
coefficient for 2014 is not statistically significant at conventional levels. Firms active in 
wind technologies are associated with statistically significantly higher innovation expend-
itures in 2014 and 2015 compared with firms that focus on other renewable electricity 
technologies, indicating strong differences across technologies. Finally, the coefficient 
associated with the share of employees working in the main renewable power generation 
technology takes on the expected positive sign, and turns out to be significant for both 
2014 and 2015.  
 
5.2 Instruments & design model 
Regarding our variables for the two core demand-pull instruments, SupportETS and Sup-
portEEG, we found no support for a correlation with innovation expenditures for either 
year.  
The results for the Instruments & design model suggest that three of the five EEG design 
features, i.e. Lower_FIT, Market and Auction, are statistically significantly related with 
innovation expenditures for both years. First, a perceived negative effect of lowering the 
feed-in tariffs on manufacturers’ sales of renewable energy technologies is negatively 
related to innovation expenditures in 2014 and 2015. Second, perceiving the stepwise 
introduction of mandatory direct marketing to have negative effects on sales is negatively 
                                               
12  Consistent marginal effects were derived from running a single Tobit model for innovation 
expenditures in 2014.   
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associated with innovation expenditures in both years. Finally, auction and thus the pol-
icy design change to determine the level of support through auctions rather than prede-
termining it through feed-in tariffs turned out to be statistically significant for innovation 
expenditures in 2015, while the coefficient for 2014 is just shy of being statistically sig-
nificant.  
In comparison, the coefficients associated with Corridor, and Self_cons were far from 
being statistically significant for both years. 
Finally, we note that our technology-push variable no longer exhibits statistical signifi-
cance at conventional levels, most likely because of the lower degrees of freedom in the 
Instrument & design model compared to the Base model.  
 
5.3 Interaction model 
Our final model explores the potential effects of interaction between our two core de-
mand-pull policy instruments. Specifically, we consider the interaction between the EU 
ETS as the most important EU climate policy instrument and the reduced feed-in tariffs 
as the main EEG design feature. Since the findings for the other explanatory variables 
in the Interaction model are almost identical to those of the Instruments & design model, 
we focus on the findings for this interaction term. The positive and statistically significant 
coefficient associated with ETSxFIT suggests that the positive effect of the EU ETS on 
innovation expenditures is stronger, the more negative the perceived effects of lowering 
the FITs are on sales. By the same token, strong negative perceived effects of lowering 
the FITs are stronger, the less positive the perceived effects of the EU ETS are on sales.  
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Table 3: Regression results  
 
 
6 Discussion and conclusions 
Bearing in mind the explorative nature of our study, our econometric analysis provides 
evidence that changes in instrument design and instrument interaction matter for eco-
Category Base model
Variable 2014 2015 2014 2015 2014 2015
TechPush 0.194** 0.212** 0.154 0.158 0.139 0.136
(0.016) (0.047) (0.110) (0.218) (0.146) (0.278)
DemandPull 2.445*** 4.585*** 2.802*** 4.830*** 2.747*** 4.736***
(0.005) (0.000) (0.003) (0.000) (0.004) (0.000)
SupportETS 0.694 1.283 -1.325 -2.318
(0.521) (0.389) (0.281) (0.164)
SupportEEG -0.790 -0.389 -0.866 -0.517
(0.476) (0.805) (0.435) (0.740)
Lower_FIT -1.885** -3.008** -4.092*** -7.065***
(0.033) (0.016) (0.007) (0.001)
Auction 1.939 2.905* 1.891 2.816
(0.114) (0.087) (0.131) (0.108)
Corridor 0.894 0.526 1.303 1.218
(0.373) (0.692) (0.200) (0.370)
Market -2.847** -3.993** -2.984** -4.243**
(0.019) (0.016) (0.015) (0.011)
Self_cons -0.674 -1.376 -0.650 -1.305
(0.480) (0.324) (0.493) (0.342)
ETSxFIT 3.560* 6.531**
(0.053) (0.011)
Size 1.038*** 1.142*** 1.012*** 1.130*** 1.014*** 1.125***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Experience 1.092* 1.056 1.290* 1.618* 1.288** 1.667*
(0.075) (0.185) (0.053) (0.066) (0.047) (0.051)
Wind 2.736*** 2.807** 2.187** 2.318* 2.470** 2.862**
(0.005) (0.030) (0.024) (0.069) (0.013) (0.033)
RE_share 3.110** 3.465* 2.973** 2.853 2.688* 2.316
(0.026) (0.052) (0.034) (0.126) (0.055) (0.213)
Constant -14.743*** -18.785*** -12.859*** -17.214*** -11.516*** -14.829**
(0.001) (0.001) (0.004) (0.004) (0.008) (0.010)
Log (Pseudo)likelihood (Chi-Squared)-772.380 (76.28) -709.492 (94.50) -705.781 (96.72)
Rho (Chi-Squared) 0.902 (216.801) 0.919 (217.99) 0.920 (216.115)
Observations 165 156 156
Note: Robust p-values in parentheses; *** p<0.01, ** p<0.05, * p<0.1
EEG 
design 
features
Instru-
ments
Inter-
action
Firm 
charac-
teristics
Instruments & Design Interaction
TP & DP
This is the authors’ preprint of:  
Rogge K.S. and Schleich J. (2018): Exploring the Role of Instrument Design and Instrument In-
teraction for Eco-Innovation: A Survey-Based Analysis of Renewable Energy Innovation in Ger-
many. Chapter 11, pp 233-256, in: Horbach J. and Reif C. (eds): New Developments in Eco-In-
novation Research. Sustainability and Innovation. Springer, Cham.  
https://doi.org/10.1007/978-3-319-93019-0_11. 
20 
innovation in the case of renewable power generation technologies in Germany. In par-
ticular, if companies believe a change in certain EEG design features (such as lowering 
the feed-in-tariff, introducing auctions, or mandatory direct marketing) will negatively af-
fect their domestic sales, they are likely to spend less on low-carbon innovation. In addi-
tion, when considering the interaction between the EU ETS and the most relevant design 
feature of the EEG (the feed-in tariffs), we find that favorable perceptions about the im-
pact of the EU ETS on innovation have a stronger positive effect on innovation expend-
itures, the more negative the perceived effects of lowering the FIT are on sales. In con-
trast, we find no correlation between innovation and these perceived effects of the EU 
ETS and EEG per se. 
These results confirm earlier findings in the literature suggesting that instrument design 
rather than instrument type matter for eco-innovations (Kemp and Pontoglio, 2011). In 
addition, our study confirms theoretical considerations concerning the importance of ac-
counting for design features of policy instruments when investigating their interactions 
(del Río and Cerdá, 2017). That is, we find that both policy instrument design and inter-
action matter for innovation in renewable energies, and thus should be considered in 
future studies on the links between policy and eco-innovation. 
Turning to technology push, we find that public financial support for innovation projects 
is linked with higher private innovation expenditures in the future, which is generally in 
line with the literature (Johnstone et al., 2010; Costantini et al., 2015).  
Regarding demand-pull effects, our study supports earlier findings that market growth—
which in the case of renewable energies at the time of our survey was still mainly policy-
induced—is positively associated with eco-innovation (Horbach, 2008; Hoppmann et al., 
2013; Schleich et al., 2017). In our case, technology providers who expect their sales of 
green technologies to increase compared with the previous year tend to spend more on 
low-carbon innovation. Of course, this growth expectation not only depends on policy-
induced market growth, but also on the competiveness of firms. For example, in recent 
years, PV module manufacturers in Germany have been particularly challenged by Chi-
nese competitors (Quitzow, 2015). Ultimately, global and not only domestic market ex-
pectations matter. 
In terms of our control variables, we find strong evidence that firm size (measured in total 
sales in 2013) positively affects low-carbon innovation expenditures. These results are 
in line with others reported in the eco-innovation literature (Kammerer, 2009; Kesidou 
and Demirel, 2012; del Río et al., 2016). In addition, we also find evidence that experi-
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ence with the main renewable power generation technology (measured in years) posi-
tively correlates with innovation expenditures for renewable power generation technolo-
gies, suggesting that early movers spend more on green innovation. This also underlines 
the importance of technological and organizational capabilities found in the eco-innova-
tion literature (Kammerer, 2009; Demirel and Kesidou, 2011; Horbach et al., 2012). Re-
garding the technology portfolio, our findings suggest possible differences across tech-
nologies (Huenteler et al., 2016), with those companies active in on- and offshore wind 
power committing to higher innovation expenditures than the rest. Furthermore, firms 
with a higher share of employees working in the main renewable power generation tech-
nology were found to spend more on innovation in renewable power generation technol-
ogies. 
Overall, we argue that our explorative study provides empirical support for going beyond 
aggregated technology-push and demand-pull variables in studies examining the links 
between policy and eco-innovation, and extending policy coverage to include the design 
of core policy instruments, and instrument interaction. In particular, we find strong evi-
dence for a positive relationship between innovation expenditures on renewable power 
technologies and changes in design features, where negative expectations regarding the 
potential effect on sales are associated with lower innovation expenditures. We also find 
that the interaction effects of instruments may be driven by specific design features of 
core policy instruments. 
Clearly, this novel empirical research is not free of limitations, and should be seen as a 
first step to analyzing the impact of instrument mixes on eco-innovation. First, choosing 
the German Energiewende for such an exploratory study makes it possible to draw les-
sons from one of the most advanced cases of low-carbon transition. The focus on one 
country and one sector obviously implies that our results may not be readily transferable 
to other contexts. Second, while operationalizing instrument design features proved fea-
sible within an innovation survey, and the correlations found between innovation and the 
policy variables build upon and support earlier qualitative findings, we also recognize the 
caveats inherent to survey-based research such as recall bias, social desirability bias 
and common method bias. In particular, cross-sectional analyses are limited to correla-
tions rather than causal inference. Third, our operationalization of the measurement of 
perceptions of the instrument mix should be regarded as a first attempt only.  
Our exploratory empirical study on how instrument design and instrument interaction af-
fect eco-innovation also suggests areas for future research (see also Rogge and 
Schleich, 2018). Future empirical research on the impact of instrument mixes and eco-
innovation could try to establish causality rather than correlations. Specifically, a periodic 
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innovation survey among low-carbon technology manufacturers could eventually allow 
panel analyses. Such a survey could take a broader systems perspective and also cover 
providers of complementary or enabling technologies, such as storage or grid technolo-
gies. These surveys could also be implemented across several countries, thus providing 
for a better understanding of policy mix aspects such as the relevance of instrument 
design and interaction. For example, additional insights into the links between policy and 
low-carbon innovation could be generated by comparing findings for countries with a 
similar industry structure but alternative governance approaches regarding the transition 
of the energy system. Finally, if the CIS or similar surveys included policy mix questions 
enabling cross-sectoral comparisons, it would be possible to assess the role of instru-
ment mixes for eco-innovation in the more general greening of the economy. 
Ultimately, we hope the findings of our explorative study will initiate a critical assessment 
of how policy and eco-innovation are measured in innovation surveys and beyond. 
Clearly, further research is needed to help establish new standards in innovation surveys 
and in the analysis of policy instruments’ interactions. 
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